Introduction
One of the reasons for the inconsistency of many palaeomagnetic data is possibly the influence of uniaxial compression during the acquisition of the remanent magnetization.
However, the influence of uniaxial pressure on the magnetic properties of rocks in general, and for the acquisition of thermoremanent magnetization in particular has not yet been studied systematically.
Early investigations in this field were carried out by Kalashnikov and Kapitsa (1952) .
They measured the change of magnetic susceptibility of rocks caused by uniaxial compression. Similar experiments have been carried out by Grabovsky and Parkomenko (1953) . Domen (1957) showed experimentally that a sample of pressed magnetite grains can acquire an additional remanent magnetization by uniaxial compression in a magnetic field.
Measurements of the influence of uniaxial compression on the intensity and direction of natural magnetizations of different rocks have been made by Graham, Buddington and Balsley (1957) . Stacey et al. (1960) studied the stress-induced magnetic anisotropy of rocks. Kern (1961) and Stacey (1963) proposed theoretical interpretations of the observed dependency of the suscepibility on uniaxial compression. Soffel (1966) Nagata et al. (1964 Nagata et al. ( , 1965 Nagata et al. ( , 1966 Nagata et al. ( a, 1966 .
In these papers only few measurements of the dependence of uniaxial compression of magnetic properties are described that are dealing with rocks of known mineralogy. On the other hand we may expect different results for rocks and compressed powders, where the packing of the magnetic particles is extremely close. In rocks such as basalts or serpentinites, however, the ferrimagnetic mineral is dispersed in the form of small grains, magne tically more or less independent of each other.
The purpose of the present investigation therefore is to study the effect of uniaxial compression on different magnetic properties of natural rocks at different temperatures.
Two basalt samples, for which the mineralogy of the ore component was well known, were used and the dependence of the saturation remanence J8 and the coercive force Hc upon uniaxial pressure and the behaviour of thermoremanent magnetization TRM were measured.
Mineralogical description
The carrier of magnetic properties of basalts are titanomagnetites dispersed in a form of small grains in a matrix of different silicates. In general these titanomagnetite grains differ very much with respect to their mineralogical and magnetic properties. They cover a wide range of varieties from totally homogeneous members of the magnetite (Fe304)-ulvcspinel (Fe2Ti04) solution series to very complex intergrowths of different phases (Ramdohr, 1960) . For these experiments two special cases were selected : samples with homogeneous titanomagnetite grains and samples with inhomogeneous titanomagnetite grains with clearly developed exsolution lamellae. Such systems of exsolution lamellae can artificially be produced by heat treatment in the air (Petersen,1962) . a) Samples with homogeneous titanomagnetite grains.
The The two samples BaKr and BaRK which contained originally homogeneous titano- similar to maghemite (Petersen, (1966) . Carrier of the magnetic properties is the exsolved titanomagnetite with a clearly developed Curie temperature of 500, indicating a homogeneous composition of the ferrimagnetic phase (Fig. 3) .
Experimental procedures
The rock samples were cut in a form of cylinders, 3 cm in diameter and 11 cm long.
The shear stress which may be exerted on the sample by the pistons of the press used, was eliminated according to a method developed by F. Rummel (1965) : The end planes of the sample were ground parallel to each other within an accuracy of a few hundredths of a mm and then treated with dry grease.
The equipment to measure the magnetization under uniaxial compression is schematically illustrated in Fig. 4 . The uniaxial compression is produced by a hydraulic press. The sample is fixed between two pistons made of non-magnetic eklogite and is set into a water-cooled magnetizing coil which produces a magnetic field up to 3000 Oe. Inside of the coil a furnace with bifilar winding of a resistance wire is mounted, which permits heating of the sample up to 600. The magnetization of the sample was measured with two Fcrster Fig. 3 Dependence of the specific saturation magnetization Js on temperature for the sample BaRK (natural and after a heat treatment of 30 h at 700 in air). The correspocding curves of sample BaKr are nearly identical to that of sample BaRK. flux-gate probes. These probes were fixed outside of the magnetizing coil, so that only the field due to the sample was measured and the stray field of the magnetization coil and of the iron parts of the press were compensated. Uniaxial compression of minerals and rocks causes reversible as well as irreversible changes of magnetic properties. In this paper only reversible variations are reported (with the exception of the behaviour of the TRM). A satisfactory reversible behaviour was obtained by the following procedure : To each sample pressure was applied and subsequently released several times before the actual measurement was carried out. The maximum compression was about 1.1 kbar/cm2. The main difficulty in these magnetic measurements on rocks during application of uniaxial compression was the large stray field due to the steel of the press and the small intensity of the magnetization of the rocks used in these experiments. (1967) . The change of the saturation remanence JSr of the samples BaKr and BaRK caused by uniaxial compression is shown in Fig. 6 a, b . The dependence of the ratio JSr/JS on temperature under different uniaxial compression is illustrated in Fig. 7 . At all temperatures a nearly linear decrease with increasing compression is observed. This behaviour can be qualitatively explained by the positive value of the magnetostriction constant AS. In contrast to the behaviour of the coercive force, the saturation remanence shows no time dependant hysteresis after compression and following depression.
Results
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b) Samples with inhomogeneous titanomagnetite grains.
The coercive force H3 of the heat-treated samples shows much higher values than that of the original samples. The change of H3 caused by uniaxial compression has been suppressed distinctly (Fig. 8) . A dependence of the uniaxial compression can only be observed at lower temperatures. 4-2. Measurement of thermoremanent magnetization.
The change of the magnetization of the sample BaRK caused by cooling from a temperature above its Curie temperature in a magnetic field of 5 Oe, was measured under uniaxial compression of 1 kbar.
Two special cases were investigated: 1) The magnetic field is parallel to the axis of uniaxial compression.
2) The magnetic field is perpendicular to the axis of compression.
(In this case the magnetic field of 5 0e was produced using two permanent magnets.) a) Sample with homogeneous grains of titanomagnetite. Fig. 9 shows that the intensity of the thermoremanent magnetization obtained under uniaxial compression parallel to the external magnetic field is about half of that obtained without compression; whereas application of uniaxial compression perpendicular to the external field results in an increase of thermoremanent magnetization of about 50%.
b) Sample with inhomogeneous titanomagnetite grains.
Similar to the behaviour of the coercive force, the dependence of the thermoremanent magnetization on uniaxial compression is very small, regardless of whether the external magnetic field is parallel or perpendicular to the compression.
Discussion
The basalt samples with homogeneous titanomagnetite grains show a distinct dependence of Hc, Jsr and TRM on uniaxial compression. This implies that the energy of the applied stress and the crystal anisotropy energy are of the same order. We compare now the crystal anisotropy constant K and aA8, where a is the stress and As the magnetostriction constant. These constants have been measured by Syono and Ishikawa (1964) (Fig. 2 b) and consist of a ferrimagnetic groundmass of presumably titanomaghemite and clearly developed lamellae of ilmenite. These lamellae have been formed by the heat-treatment and may cause strong irregular internal stress due to volume change. Another cause for an increase of internal stress might be vacancies in the groundmass of exsolved titanomagnetite, formed by emigration of titaniumions. If such irregular internal stress exceeds the applied uniaxial compression, it could explain the low pressure sensitivity of the heat-treated samples. 
